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(57) ABSTRACT

An image sensing device includes a pixel array configured
to include a plurality of pixel groups consecutively arranged
in row and column directions. Each of the pixel groups
includes a plurality of unit pixels and each unit pixel
includes a photoelectric conversion element structured to
generate photocharges through a conversion of incident
light. Each pixel group outputs a first pixel signal corre-
sponding to photocharges generated by a single unit pixel
and a second pixel signal corresponding to a sum of pho-
tocharges generated by two or more unit pixels.
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1
IMAGE SENSING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This patent document claims the priority and benefits of
Korean patent application No. 10-2021-0021623, filed on
Feb. 18, 2021, the disclosure of which is incorporated by
reference in its entirety as part of the disclosure of this patent
document.

TECHNICAL FIELD

The technology and implementations disclosed in this
patent document generally relate to an image sensing device.

BACKGROUND

An image sensing device is used in electronic devices to
convert optical images into electrical signals. With the recent
development of automotive, medical, computer and com-
munication industries, the demand for highly integrated,
higher-performance image sensors has been rapidly increas-
ing in various electronic devices such as digital cameras,
camcorders, personal communication systems (PCSs), video
game consoles, surveillance cameras, medical micro-cam-
eras, robots, etc.

SUMMARY

Various embodiments of the disclosed technology relate
to an image sensing device capable of acquiring all pixel
signals (e.g., a single pixel signal and a SUM pixel signal)
of several modes using only one exposure.

In accordance with an embodiment of the disclosed
technology, an image sensing device is provided to include
a pixel array configured to include a plurality of pixel groups
consecutively arranged in row and column directions. Each
of the pixel groups may include a plurality of unit pixels and
each unit pixel may include a photoelectric conversion
element structured to generate photocharges through a con-
version of incident light. Each of the pixel groups may
output a first pixel signal corresponding to photocharges
generated by a single unit pixel and a second pixel signal
corresponding to a sum of photocharges generated by two or
more unit pixels.

It is to be understood that both the foregoing general
description and the following detailed description of the
disclosed technology are illustrative and explanatory and are
intended to provide further explanation of the disclosure as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and beneficial aspects of the
disclosed technology will become readily apparent with
reference to the following detailed description when con-
sidered in conjunction with the accompanying drawings.

FIG. 1 is a block diagram illustrating an example of an
image sensing device based on some implementations of the
disclosed technology.

FIG. 2 is a schematic diagram illustrating an example of
a layout structure of pixel groups included in a pixel array
shown in FIG. 1 based on some implementations of the
disclosed technology.
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FIG. 3 is a schematic diagram illustrating an example of
a planar structure of any one pixel group shown in FIG. 2
based on some implementations of the disclosed technology.

FIG. 4 is a circuit diagram illustrating an example of a
circuit structure corresponding to the pixel group shown in
FIG. 3 based on some implementations of the disclosed
technology.

FIG. 5 is a schematic diagram illustrating another
example of a layout structure of pixel groups included in a
pixel array shown in FIG. 1 based on some implementations
of the disclosed technology.

FIG. 6 is a schematic diagram illustrating an example of
a planar structure of any one pixel group shown in FIG. 5
based on some implementations of the disclosed technology.

FIG. 7 is a circuit diagram illustrating an example of a
circuit structure corresponding to the pixel group shown in
FIG. 6 based on some implementations of the disclosed
technology.

DETAILED DESCRIPTION

This patent document provides implementations and
examples of an image sensing device and the disclosed
features may be implemented to achieve one or more
advantages in more applications. Some implementations of
the disclosed technology suggest designs of an image sens-
ing device which can acquire all pixel signals (e.g., a single
pixel signal and a SUM pixel signal) of several modes using
only one exposure.

Reference will now be made in detail to certain embodi-
ments, examples of which are illustrated in the accompany-
ing drawings. Wherever possible, the same reference num-
bers will be used throughout the drawings to refer to the
same or similar parts. In the following description, a detailed
description of related known configurations or functions
incorporated herein will be omitted to avoid obscuring the
subject matter.

FIG. 1 is a block diagram illustrating an image sensing
device according to an embodiment of the disclosed tech-
nology.

Referring to FIG. 1, the image sensing device may include
a pixel array 100, a row driver 200, a correlated double
sampler (CDS) 300, an analog-digital converter (ADC) 400,
an output buffer 500, a column driver 600 and a timing
controller 700. The components of the image sensing device
illustrated in FIG. 1 are discussed by way of example only,
and this patent document encompasses numerous other
changes, substitutions, variations, alterations, and modifica-
tions.

The pixel array 100 may include a plurality of pixel
groups (PXG) arranged in rows and columns. In one
example, the plurality of pixel groups (PXG) may be
arranged in a two-dimensional (2D) pixel array including
rows and columns. In another example, the plurality of pixel
groups (PXGs) may be arranged in a three-dimensional (3D)
pixel array.

Each of the pixel groups (PXG) may include a plurality of
unit pixels to generate photocharges by converting an optical
signal into an electrical signal, and pixel transistors to output
pixel signals corresponding to the photocharges generated
by the unit pixels. The unit pixels included in the same pixel
group (PXG) may receive light of the same color. For
example, unit pixels included in the same pixel group (PXG)
may include color filters disposed over a substrate, each of
which allows light having a same color to pass therethrough
and transmits the light to corresponding photoelectric con-
version elements. The pixel transistors of each pixel group
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(PXG) may output a pixel signal (i.e., a single pixel signal)
corresponding to photocharges generated by only one unit
pixel included in the corresponding pixel group (PXG), or
may output pixel signal (i.e., a 2-SUM pixel signal or a
4-SUM pixel signal) corresponding to photocharges gener-
ated by the plurality of unit pixels included in the corre-
sponding pixel group (PXG). In this case, the 2-SUM pixel
signal may refer to a pixel signal corresponding to the sum
of photocharges generated by two unit pixels, and the
4-SUM pixel signal may refer to a pixel signal correspond-
ing to the sum of photocharges generated by four unit pixels.

The pixel array 100 may receive driving signals (for
example, a row selection signal, a pixel reset signal, a
transmission (or transfer) signal, and a pass signal) from the
row driver 200. Upon receiving the driving signal, the unit
pixels and the pixel transistors in the pixel array 100 may be
activated to perform the operations corresponding to the
transfer signal, the pass signal, the row selection signal, and
the pixel reset signal.

The row driver 200 may activate the pixel array 100 to
perform certain operations on the unit pixels in the corre-
sponding row based on control signals provided by control-
ler circuitry such as the timing controller 700. In some
implementations, the row driver 200 may select one or more
pixel groups arranged in one or more rows of the pixel array
100. The row driver 200 may generate a row selection signal
to select one or more rows from among the plurality of rows.
The row driver 200 may sequentially enable the pixel reset
signal, the transfer signal, and the pass signal for the pixel
groups arranged in the selected row. The pixel signals (i.e.,
a single pixel signal, a 2-SUM pixel signal, and a 4-SUM
pixel signal) generated by the pixel groups arranged in the
selected row may be output to the correlated double sampler
(CDS) 300.

The correlated double sampler (CDS) 300 may remove
undesired offset values of the unit pixels using correlated
double sampling. In one example, the correlated double
sampler (CDS) 300 may remove the undesired offset values
of the unit pixels by comparing output voltages of pixel
signals obtained before and after photocharges generated by
incident light are accumulated in the sensing node (i.e., a
floating diffusion node). As a result, the CDS 300 may obtain
a pixel signal generated only by the incident light without
causing noise. In some implementations, upon receiving a
clock signal from the timing controller 700, the CDS 300
may sequentially sample and hold voltage levels of the
reference signal and the pixel signal, which are provided to
each of a plurality of column lines from the pixel array 100.
That is, the CDS 300 may sample and hold the voltage levels
of' the reference signal and the pixel signal which correspond
to each of the columns of the pixel array 100. In some
implementations, the CDS 300 may transfer the reference
signal and the pixel signal of each of the columns as a
correlate double sampling (CDS) signal to the ADC 400
based on control signals from the timing controller 700.

The ADC 400 is used to convert analog CDS signals
received from the CDS 300 into digital signals. In some
implementations, the ADC 400 may be implemented as a
ramp-compare type ADC. The analog-to-digital converter
(ADC) 400 may compare a ramp signal received from the
timing controller 700 with the CDS signal received from the
CDS 300, and may thus output a comparison signal indi-
cating the result of comparison between the ramp signal and
the CDS signal. The analog-to-digital converter (ADC) 400
may count a level transition time of the comparison signal in
response to the ramp signal received from the timing con-
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troller 700, and may output a count value indicating the
counted level transition time to the output buffer 500.

The output buffer 500 may temporarily store column-
based image data provided from the ADC 400 based on
control signals of the timing controller 170. The image data
received from the ADC 400 may be temporarily stored in the
output buffer 500 based on control signals of the timing
controller 700. The output buffer 500 may provide an
interface to compensate for data rate differences or trans-
mission rate differences between the image sensing device
and other devices.

The column driver 600 may select a column of the output
buffer 500 upon receiving a control signal from the timing
controller 700, and sequentially output the image data,
which are temporarily stored in the selected column of the
output buffer 500. In some implementations, upon receiving
an address signal from the timing controller 700, the column
driver 600 may generate a column selection signal based on
the address signal, may select a column of the output buffer
500 using the column selection signal, and may control the
image data received from the selected column of the output
buffer 500 to be output as an output signal.

The timing controller 700 may generate signals for con-
trolling operations of the row driver 200, the ADC 400, the
output buffer 500 and the column driver 600. The timing
controller 700 may provide the row driver 200, the column
driver 600, the ADC 400, and the output buffer 500 with a
clock signal required for the operations of the respective
components of the image sensing device, a control signal for
timing control, and address signals for selecting a row or
column. In some implementations, the timing controller 700
may include a logic control circuit, a phase lock loop (PLL)
circuit, a timing control circuit, a communication interface
circuit and others.

FIG. 2 is a schematic diagram illustrating an example of
a layout structure of pixel groups included in the pixel array
100 shown in FIG. 1 based on some implementations of the
disclosed technology.

Referring to FIG. 2, the pixel array 100 may include a
plurality of pixel groups PXG_R, PXG_G, and PXG_B that
are consecutively arranged in row and column directions.
Each of the pixel groups PXG_R, PXG_G, and PXG_B may
include a plurality of unit pixels PX1 to PX16 configured to
receive light of the same color. For example, the pixel group
PXG_R may include a plurality of unit pixels that receives
red visible light and generates photocharges corresponding
to the red visible light, the pixel group PXG_G may include
a plurality of unit pixels that receives green visible light and
generates photocharges corresponding to the green visible
light, and the pixel group PXG_B may include a plurality of
unit pixels that receives blue visible light and generates
photocharges corresponding to the blue visible light. Each of
the pixel groups PXG_R, PXG_G, and PXG_B may include
16 unit pixels PX1 to PX16 arranged adjacent to each other
in a (4x4) matrix array. The pixel groups PXG_R, PXG_G,
and PXG_B may be consecutively arranged in a Bayer
pattern in the pixel array 100.

Each of the pixel groups PXG_R, PXG_G, and PXG_B
may output different types of pixel signals depending on
how many unit pixels are used to generate photocharges
corresponding to each of the pixel signals. The different
types of the pixel signals include a first pixel signal corre-
sponding to photocharges generated by a single unit pixel
and a second pixel signal corresponding to photocharges
generated by multiple unit pixels (e.g., the sum of the
photocharges generated by unit pixels). For example, the
pixel group PXG_G may output a single pixel signal cor-
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responding to photocharges generated by each of the unit
pixels PX1, PX2, PX3, and PX4, a 2-SUM pixel signal
corresponding to photocharges generated by two unit pixels
PX5~PX6 or PX7~PX8, and may output a 4-SUM pixel
signal corresponding to photocharges generated by four unit
pixels PX9~PX12 or PX13~PX16.

In the descriptions with regard to FIG. 2, each unit pixel
for outputting the single pixel signal will be referred to as a
single pixel 112a, 1125, 112¢, or 112d, a group of two unit
pixels for outputting the 2-SUM pixel signal will be referred
to as a 2-SUM pixel block 114a or 1145, and a group of four
unit pixels for outputting the 4-SUM pixel signal will be
referred to as a 4-SUM pixel block 116a or 1164.

FIG. 3 is a schematic diagram illustrating an example of
a planar structure of a pixel group shown in FIG. 2 based on
some implementations of the disclosed technology. FIG. 4 is
a circuit diagram illustrating an example of a circuit struc-
ture corresponding to the pixel group shown in FIG. 3 based
on some implementations of the disclosed technology.
Although FIGS. 3 and 4 show the structures of the pixel
group PXG-G, the structures can be applied to any pixel
group PXG_R or PXG_B_shown in FIG. 2.

Referring to FIGS. 3 and 4, the pixel group PXG_G may
include a plurality of unit pixels PX1 to PX16 consecutively
arranged in row and column directions. For example, the
pixel group PXG_G may include 16 unit pixels PX1 to PX16
arranged adjacent to each other in a (4x4) matrix array.
Although the above-mentioned implementation has exem-
plarily disclosed only the pixel group PXG_G corresponding
to green color, the pixel groups PXG_R, PXG_G, and
PXG_B can also be formed to have the same structure.

In some implementations, the pixel group PXG_G may
include unit pixels PX1 to PX16, floating diffusion regions
FD1 to FDS5, pass transistors TR1 to TRS5, and pixel tran-
sistors DX, SX, and RX.

The unit pixels PX1 to PX16 may respectively include
photoelectric conversion element PD1 to PD16 for gener-
ating photocharges in response to incident light, and may
respectively include transfer transistors TX1 to TX16 for
transmitting the photocharges generated by the correspond-
ing photoelectric conversion elements PD1 to PD16 to the
floating diffusion regions FD1 to FD5 in response to the
transfer signals TS1 to TS16. In more detail, the unit pixel
PX1 may include the photoelectric conversion element PD1
and the transfer transistor TX1, the unit pixel PX2 may
include the photoelectric conversion element PD2 and the
transfer transistor TX2, the unit pixel PX3 may include the
photoelectric conversion element PD3 and the transfer tran-
sistor TX3, and the unit pixel PX4 may include the photo-
electric conversion element PD4 and the transfer transistor
TX4. The unit pixel PX5 may include the photoelectric
conversion element PD5 and the transfer transistor TX5, the
unit pixel PX6 may include the photoelectric conversion
element PD6 and the transfer transistor TX6, the unit pixel
PX7 may include the photoelectric conversion element PD7
and the transfer transistor TX7, and the unit pixel PX8 may
include the photoelectric conversion element PD8 and the
transfer transistor TX8. The unit pixel PX9 may include the
photoelectric conversion element PD9 and the transfer tran-
sistor TX9, the unit pixel PX10 may include the photoelec-
tric conversion element PD10 and the transfer transistor
TX10, the unit pixel PX11 may include the photoelectric
conversion element PD11 and the transfer transistor TX11,
and the unit pixel PX12 may include the photoelectric
conversion element PD12 and the transfer transistor TX12.
The unit pixel PX13 may include the photoelectric conver-
sion element PD13 and the transfer transistor TX13, the unit
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pixel PX14 may include the photoelectric conversion ele-
ment PD14 and the transfer transistor TX14, the unit pixel
PX15 may include the photoelectric conversion element
PD15 and the transfer transistor TX15, and the unit pixel
PX16 may include the photoelectric conversion element
PD16 and the transfer transistor TX16. The unit pixels PX1
to PX16 may be classified into a group of single pixels 112a
to 112d, 2-SUM pixel blocks 114a and 1145, and 4-SUM
pixel blocks 116a and 1165.

In some implementations, each of the photoelectric con-
version elements PD1 to PD16 may produce an electrical
signal in response to received light and include, e.g., a
photodiode, a photo transistor, a photo gate, or other pho-
tosensitive circuitry capable of converting light into a pixel
signal (e.g., a charge, a voltage or a current). When the
photoelectric conversion elements are implemented to
include photodiodes, the photoelectric conversion elements
PD1 to PD16 may be formed in a substrate. Each of the
photoelectric conversion elements PD1 to PD16 may
include a stacked structure in which impurity regions (i.e.,
P-type and N-type impurity regions) having complementary
conductivities are vertically stacked.

The transfer transistors TX1 to TX16 may be coupled to
the photoelectric conversion elements PD1 to PD16, respec-
tively, and may be coupled to the corresponding floating
diffusion regions FD1 to FD5. As a result, the transfer
transistors TX1 to TX16 may transmit photocharges gener-
ated by the corresponding photoelectric conversion elements
PD1 to PD16 to the corresponding floating diffusion regions
FD1 to FD5 in response to the transfer signals TS1 to TS16.

For example, the transfer transistors TX1, TX2, TX3, and
TX4 respectively belonging to the single pixels 1124, 1125,
1124, and 1124 may transmit photocharges generated by the
corresponding photoelectric conversion elements PD1, PD2,
PD3, and PD4 to the floating diffusion region FD1 in
response to the transfer signals TS1, TS2, TS3, and TS4. The
transfer transistors TXS and TX6 included in the 2-SUM
pixel block 114a may transmit photocharges generated by
the corresponding photoelectric conversion elements PD5
and PD6 to the floating diffusion region FD2 in response to
the transfer signals TS5 and TS6. In more detail, the transfer
transistor TX5 of the 2-SUM pixel block 114a may transmit
photocharges generated by the photoelectric conversion
element PD5 to the floating diffusion region FD2 in response
to the transfer signal TS5, and the other transfer transistor
TX6 of the 2-SUM pixel block 114¢ may transmit pho-
tocharges generated by the photoelectric conversion element
PD6 to the floating diffusion region FD2 in response to the
transfer signal TS6. The transfer transistors TX7 and TX8
included in the 2-SUM pixel block 1146 may transmit
photocharges generated by the corresponding photoelectric
conversion elements PD7 and PD8 to the floating diffusion
region FD3 in response to the transfer signals TS7 and TSS.
In more detail, the transfer transistor TX7 of the 2-SUM
pixel block 11456 may transmit photocharges generated by
the photoelectric conversion element PD7 to the floating
diffusion region FD3 in response to the transfer signal TS7,
and the other transfer transistor TX8 of the 2-SUM pixel
block 1145 may transmit photocharges generated by the
photoelectric conversion element PD8 to the floating diffu-
sion region FD3 in response to the transfer signal TS8. The
transfer transistors TX9 to TX12 included in the 4-SUM
pixel block 116a may transmit photocharges generated by
the corresponding photoelectric conversion elements PD9 to
PD12 to the floating diffusion region FD4 in response to the
transfer signals TS9 to TS12. The transfer transistors TX13
to TX16 included in the 4-SUM pixel block 11656 may
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transmit photocharges generated by the corresponding pho-
toelectric conversion elements PD13 to PD16 to the floating
diffusion region FD5 in response to the transfer signals TS13
to TS16.

Each of the floating diffusion regions FD1 to FD5 may
include an impurity region formed by implanting impurities
(e.g., N-type impurities) into an upper portion of the sub-
strate, and may store photocharges carried by the transfer
transistors TX1 to TX16. In more detail, the floating diffu-
sion region FD1 may store photocharges received from the
transfer transistors TX1 to TX4, the floating diffusion region
FD2 may store photocharges received from the transfer
transistors TX5 and TX6, the floating diffusion region FD3
may store photocharges received from the transfer transis-
tors TX7 and TXS8, the floating diffusion region FD4 may
store photocharges received from the transfer transistors
TX9 to TX12, and the floating diffusion region FD5 may
store photocharges received from the transfer transistors
TX13 to TX16.

The floating diffusion region FD1 may be shared by the
single pixels 112a to 112d, and may store photocharges
received from any one of the transfer transistors TX1 to
TX4. The transfer transistors TX1, TX2, TX3, and TX4 may
be sequentially turned on in response to the transfer signals
TS1, TS2, TS3, and TS4. The floating diffusion region FD1
may have a size (capacity) capable of storing photocharges
generated by any one unit pixel.

The floating diffusion region FD2 may be shared by the
unit pixels PX5 and PX6 included in the 2-SUM pixel block
1144, and may store the sum of photocharges received from
the transfer transistors TXS5 and TX6. The transfer transis-
tors TX5 and TX6 may be sequentially turned on in response
to the transfer signals TS5 and TS6, or may be simultane-
ously turned on in response to the transfer signals TS5 and
TS6.

The floating diffusion region FD3 may be shared by the
unit pixels PX7 and PX8 included in the 2-SUM pixel block
1145, and may store the sum of photocharges received from
the transfer transistors TX7 and TX8. The transfer transis-
tors TX7 and TX8 may be sequentially turned on in response
to the transfer signals TS7 and TS8, or may be simultane-
ously turned on in response to the transfer signals TS7 and
TSS.

Each of the floating diffusion region FD2 of the 2-SUM
pixel block 1144 and the floating diffusion region FD3 of the
2-SUM pixel block 1145 may be two or more times larger
in photocharge storage capacity than the floating diffusion
region FD1 shared by the single pixels 1124 to 112d. In more
detail, each of the floating diffusion regions FD2 and FD3
may have a size (capacity) capable of storing all pho-
tocharges generated by at least two unit pixels.

The floating diffusion region FD4 may be shared by the
unit pixels PX9 to PX12 included in the 4-SUM pixel block
1164, and may store the sum of photocharges received from
the transfer transistors TX9 to TX12. The transfer transistors
TX9 to TX12 may be sequentially turned on in response to
the transfer signals TS9 to TS12, or may be simultaneously
turned on in response to the transfer signals TS9 to TS12.

The floating diffusion region FD5 may be shared by the
unit pixels PX13 to PX16 included in the 4-SUM pixel block
1165, and may store the sum of photocharges received from
the transfer transistors TX13 to TX16. The transfer transis-
tors TX13 to TX16 may be sequentially turned on in
response to the transfer signals TS13 to TS16, or may be
simultaneously turned on in response to the transfer signals
TS13 to TS16.
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Each of the floating diffusion region FD4 of the 4-SUM
pixel block 1164 and the floating diffusion region FD5 of the
4-SUM pixel block 1165 may be two or more times larger
in photocharge storage capacity than the floating diffusion
region FD2 or FD3 of the 2-SUM pixel block 114a or 1145.
In more detail, each of the floating diffusion regions FD4
and FD5 may have a size (capacity) capable of storing all
photocharges generated by at least four unit pixels.

The floating diffusion region FD1, FD2, FD3, FD4 or FD5
may be coupled to one terminal (e.g., a source or drain) of
the corresponding pass transistor TR1, TR2, TR3, TR4, or
TRS5 through a conductive line (e.g., a metal line). The other
terminals (e.g., a drain or source) of the pass transistors TR1
to TR5 may be coupled to a common node CL1. The
common node CL.1 may be coupled to a gate of the source
follower transistor DX and one terminal (e.g., a source or
drain) of the reset transistor RX.

The pass transistors TR1 to TR5 may be turned on or off
in response to the pass signals TRS1 to TRS5, respectively.

For example, in order to couple the floating diffusion
region FD1 shared by the single pixels 112a to 1124 to the
gate of the source follower transistor DX, the pass signal
TRS1 may be enabled (or activated) to a high level, such that
the pass transistor TR1 can be turned on. Thus, the pass
transistor TR1 may be turned on to output a single pixel
signal corresponding to each of the single pixels 1124 to
1124. When the pass transistor TR1 is turned on, other pass
transistors TR2 to TRS may be turned off.

In order to couple the floating diffusion region FD2 of the
2-SUM pixel block 114a to the gate of the source follower
transistor DX, the pass signal TRS2 may be enabled (or
activated) to a high level, such that the pass transistor TR2
can be turned on. Thus, the pass transistor TR2 may be
turned on to output a 2-SUM pixel signal corresponding to
the sum of photocharges of two unit pixels PX5 and PX6
included in the 2-SUM pixel block 114a. When the pass
transistor TR2 is turned on, other pass transistors TR1, TR3,
TR4, and TR5 may be turned off.

In order to couple the floating diffusion region FD3 of the
2-SUM pixel block 1145 to the gate of the source follower
transistor DX, the pass signal TRS3 may be enabled (or
activated) to a high level, such that the pass transistor TR3
can be turned on. Thus, the pass transistor TR3 may be
turned on to output a 2-SUM pixel signal corresponding to
the sum of photocharges of two unit pixels PX7 and PX8
included in the 2-SUM pixel block 1145. When the pass
transistor TR3 is turned on, other pass transistors TR1~TR2
and TR4~TRS may be turned off.

In order to couple the floating diffusion region FD4 of the
4-SUM pixel block 116a to the gate of the source follower
transistor DX, the pass signal TRS4 may be enabled (or
activated) to a high level, such that the pass transistor TR4
can be turned on. Thus, the pass transistor TR4 may be
turned on to output a 4-SUM pixel signal corresponding to
the sum of photocharges of four unit pixels PX9 to PX12
included in the 4-SUM pixel block 116a. When the pass
transistor TR4 is turned on, other pass transistors TR1~TR3
and TRS may be turned off.

In order to couple the floating diffusion region FD5 of the
4-SUM pixel block 1164 to the gate of the source follower
transistor DX, the pass signal TRS5 may be enabled (or
activated) to a high level, such that the pass transistor TR5
can be turned on. Thus, the pass transistor TR5 may be
turned on to output a 4-SUM pixel signal corresponding to
the sum of photocharges of four unit pixels PX13 to PX16



US 11,838,669 B2

9

included in the 4-SUM pixel block 1165. When the pass
transistor TR5 is turned on, other pass transistors TR1 to
TR4 may be turned off.

One terminal (e.g., a source or drain) of the source
follower transistor DX may be coupled to a pixel voltage
(VDD) node, and the other terminal (e.g., a drain or source)
of the source follower transistor DX may be coupled to one
terminal (e.g., a source or drain) of the selection transistor
SX. The other terminal (e.g., a drain or source) of the
selection transistor SX may be coupled to the output node
(OUT). Thus, the source follower transistor DX and the
selection transistor SX may be coupled in series between the
pixel voltage (VDD) node and the output node (OUT).

The source follower transistor DX may generate a pixel
signal (e.g., a single pixel signal, a 2-SUM pixel signal, or
a 4-SUM pixel signal) corresponding to the magnitude
(amount) of photocharges transferred to the common node
(CL1) by the pass transistors TR1 to TR5, and may output
the generated pixel signal to the selection transistor SX. The
selection transistor SX may transmit the pixel signal
received from the source follower transistor DX to the
output node (OUT) in response to the selection signal SS.

One terminal (e.g., a source or drain) of the reset transistor
RX may be coupled to the common node (CL1), and the
other terminal (e.g., a drain or source) of the reset transistor
RX may be coupled to the pixel voltage (VDD) node. The
reset transistor RX may initialize the common node CL1 to
the pixel voltage (VDD) in response to the reset signal RS.

Active regions in which the pass transistors TR1~TR5
and the pixel transistors DX, SX, and RX are formed, active
regions in which the transfer transistors TX1 to TX16 are
formed, and active regions in which the floating diffusion
regions FD1 to FD5 are formed may be isolated by a device
isolation structure. In this case, the device isolation structure
may include a trench-shaped device isolation structure
formed by etching the substrate or a junction isolation
structure formed by implanting impurities (e.g., P-type
impurities) into the substrate.

The transfer signals TS1 to TS16, the pass signals TRS1
to TRS5, the selection signal SX, and the reset signal RS
may be provided from the row driver 200.

FIG. 5 is a schematic diagram illustrating another
example of a layout structure of pixel groups included in a
pixel array shown in FIG. 1 based on some implementations
of the disclosed technology.

Referring to FIG. 5, the pixel array 100 may include a
plurality of pixel groups PXG_R, PXG_G, and PXG_B
consecutively arranged in row and column directions. Each
of the pixel groups PXG_R, PXG_G, and PXG_B may
include a plurality of unit pixels PX1 to PX16 configured to
receive light of the same color. For example, the pixel group
PXG_R may include a plurality of unit pixels that receives
red visible light and generates photocharges corresponding
to the red visible light, the pixel group PXG_G may include
a plurality of unit pixels that receives green visible light and
generates photocharges corresponding to the green visible
light, and the pixel group PXG_B may include a plurality of
unit pixels that receives blue visible light and generates
photocharges corresponding to the blue visible light. Each of
the pixel groups PXG_R, PXG_G, and PXG_B may include
16 unit pixels PX1 to PX16 arranged adjacent to each other
in a (4x4) matrix array.

Unlike the implementation as shown in FIG. 2 in which
the pixel group includes a single pixel outputting a single
pixel signal, 2-SUM pixel block outputting the 2-SUM pixel
signal, 4-SUM pixel block outputting the 4-SUM pixel
signal, the plurality of unit pixels included in each pixel
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10
group PXG_R, PXG_G, or PXG_B in FIG. 5 may be
arranged such that four unit pixels form a sub-pixel group
and each pixel group PXG_R, PXG_G, or PXG_B includes
four sub-pixel groups.

Each pixel group PXG_R, PXG_G, or PXG_B may
output different types of pixel signals including a first pixel
signal corresponding to photocharges generated by only one
unit pixel (i.e., a single unit pixel) and a second pixel signal
corresponding to photocharges generated by multiple pixel
signals. In the example of FIG. 5, the second pixel signal can
be any one of 2-SUM pixel signal corresponding to pho-
tocharges generated by two unit pixels to 7-SUM pixel
signal corresponding to photocharges generated by seven
unit pixels.

FIG. 6 is a schematic diagram illustrating an example of
a planar structure of a pixel group shown in FIG. 5 based on
some implementations of the disclosed technology. FIG. 7 is
a circuit diagram illustrating an example of a circuit struc-
ture corresponding to the pixel group shown in FIG. 6 based
on some implementations of the disclosed technology.
Although FIGS. 6 and 7 show the structures of the pixel
group PXG_G, the structures can be applied to any pixel
group PXG_R or PXG_B shown in FIG. 5.

Referring to FIGS. 6 and 7, the pixel group PXG_G may
include a plurality of unit pixels PX1 to PX16 consecutively
arranged in row and column directions. For example, the
pixel group PXG_G may include 16 unit pixels PX1 to PX16
arranged adjacent to each other in a (4x4) matrix array.
Although the above-mentioned implementation has exem-
plarily disclosed only the pixel group PXG_G corresponding
to green color, the pixel groups PXG_R, PXG_G, and
PXG_B can also be formed to have the same structure.

In some implementations, the pixel group PXG_G may
include unit pixels PX1 to PX16, common connectors CC1
to CC4, photocharge storage circuits 122, 124, and 126, and
pixel transistors DX, SX, and RX.

The unit pixels PX1 to PX16 may respectively include
photoelectric conversion element PD1 to PD16 for gener-
ating photocharges in response to incident light, and may
respectively include transfer transistors TX1 to TX16 for
transmitting the photocharges generated by the correspond-
ing photoelectric conversion elements PD1 to PD16 to the
common connectors CC1 to CC4 in response to the transfer
signals TS1 to TS16. In more detail, the unit pixel PX1 may
include the photoelectric conversion element PD1 and the
transfer transistor TX1, the unit pixel PX2 may include the
photoelectric conversion element PD2 and the transfer tran-
sistor TX2, the unit pixel PX3 may include the photoelectric
conversion element PD3 and the transfer transistor TX3, and
the unit pixel PX4 may include the photoelectric conversion
element PD4 and the transfer transistor TX4. The unit pixel
PX5 may include the photoelectric conversion element PD5
and the transfer transistor TX5, the unit pixel PX6 may
include the photoelectric conversion element PD6 and the
transfer transistor TX6, the unit pixel PX7 may include the
photoelectric conversion element PD7 and the transfer tran-
sistor TX7, and the unit pixel PX8 may include the photo-
electric conversion element PD8 and the transfer transistor
TX8. The unit pixel PX9 may include the photoelectric
conversion element PD9 and the transfer transistor TX9, the
unit pixel PX10 may include the photoelectric conversion
element PD10 and the transfer transistor TX10, the unit
pixel PX11 may include the photoelectric conversion ele-
ment PD11 and the transfer transistor TX11, and the unit
pixel PX12 may include the photoelectric conversion ele-
ment PD12 and the transfer transistor TX12. The unit pixel
PX13 may include the photoelectric conversion element
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PD13 and the transfer transistor TX13, the unit pixel PX14
may include the photoelectric conversion element PD14 and
the transfer transistor TX14, the unit pixel PX15 may
include the photoelectric conversion element PD15 and the
transfer transistor TX15, and the unit pixel PX16 may
include the photoelectric conversion element PD16 and the
transfer transistor TX16.

Each of the photoelectric conversion elements PD1 to
PD16 may include a photodiode. For example, the photo-
electric conversion elements PD1 to PD16 may be formed in
the substrate. Each of the photoelectric conversion elements
PD1 to PD16 may include a stacked structure in which
impurity regions (i.e., P-type and N-type impurity regions)
having complementary conductivities are vertically stacked.

The transfer transistors TX1 to TX16 may be coupled to
the photoelectric conversion elements PD1 to PD16, respec-
tively, and may be coupled to the corresponding common
connectors CC1 to CC4. As a result, the transfer transistors
TX1 to TX16 may transmit photocharges generated by the
corresponding photoelectric conversion elements PD1 to
PD16 to the corresponding common connectors CC1 to CC4
in response to the transfer signals TS1 to TS16.

For example, the transfer transistors TX1 to TX4 may
transmit photocharges generated by the corresponding pho-
toelectric conversion elements PD1 to PD4 to the common
connector CC1 in response to the transfer signals TS1 to
TS4. The transfer transistors TX5 to TX8 may transmit
photocharges generated by the corresponding photoelectric
conversion elements PD5 to PD8 to the common connector
CC2 in response to the transfer signals TS5 to TS8. The
transfer transistors TX9 to TX12 may transmit photocharges
generated by the corresponding photoelectric conversion
elements PD9 to PD12 to the common connector CC3 in
response to the transfer signals TS9 to TS12. The transfer
transistors TX13 to TX16 may transmit photocharges gen-
erated by the corresponding photoelectric conversion ele-
ments PD13 to PD16 to the common connector CC4 in
response to the transfer signals TS13 to TS16.

The common connectors CC1 to CC4 may be commonly
coupled to the plurality of unit pixels (e.g., four unit pixels).
For example, the common connector CC1 may be com-
monly coupled to the four unit pixels PX1 to PX4, and the
common connector CC2 may be commonly coupled to four
unit pixels PX5 to PX8. In addition, the common connector
CC3 may be commonly coupled to four unit pixels PX9 to
PX12, and the common connector CC4 may be commonly
coupled to four unit pixels PX13 to PX16. The common
connectors CC1 to CC4 may be coupled to one terminal
(e.g., a source or drain) of each of photocharge storage
circuits 122, 124, and 126 through conductive lines. Thus,
photocharges transferred to the common connectors CC1 to
CC4 may be directly transmitted to the photocharge storage
circuits 122, 124, and 126 through conductive lines.

Each of the common connectors CC1 to CC4 may include
an impurity region formed by implanting impurities (e.g.,
N-type impurities) into an upper portion of the substrate. As
compared to the floating diffusion regions FD1, FD4, and
FDS5 shown in FIG. 3, the common connectors CC1 to CC4
may be located at the same positions as the floating diffusion
regions FD1, FD4, and FD5 shown in FIG. 3 but configured
to perform different operations from the floating diffusion
regions FD1, FD4, and FD5 shown in FIG. 3. The common
connectors CC1 to CC4 may serve as interconnection
regions through which the unit pixels PX1 to PX16 are
coupled to the photocharge storage circuits 122, 124, and
126 through conductive lines. Therefore, each of the com-
mon connectors CC1 to CC4 may be formed to have a
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predetermined size capable of being electrically connected
to the conductive lines, and may be smaller in size than each
of the floating diffusion regions FD1, FD4, and FDS5.

The photocharge storage circuits 122, 124, and 126 may
store photocharges generated by the unit pixels PX1 to PX16
in the floating diffusion regions FD1 to FD3 in response to
pass signals TRS11 to TRS32, and may output the pho-
tocharges stored in the floating diffusion regions FD1 to FD3
to a common node CL2. In this case, the floating diffusion
regions FD1 to FD3 may be different in size (i.e., pho-
tocharge storage capacity) from each other.

For example, the photocharge storage circuit 122 may
include pass transistors TR11 and TR12 coupled in series to
each other in an active region ACT1, and a floating diffusion
region FD1 located between gates of the pass transistors
TR11 and TR12 in the active region ACT1. Thus, the
floating diffusion region FD1 may include an impurity
region (e.g., a source or drain) commonly coupled to the
pass transistors TR11 and TR12. In this case, the floating
diffusion region FD1 may be formed to have a size (capac-
ity) capable of storing photocharges generated by a single
unit pixel.

Since the pass transistor TR11 is turned on and the pass
transistor TR12 is turned off, the photocharge storage circuit
122 may store photocharges in the floating diffusion region
FD1. In addition, since the pass transistor TR11 is turned off
and the pass transistor TR12 is turned on, the photocharge
storage circuit 122 may output photocharges stored in the
floating diffusion region FD1 to the common node CL2. The
pass transistor TR11 may be turned on or off in response to
the pass signal TRS11, and the pass transistor TR12 may be
turned on or off in response to the pass signal TRS12.

The photocharge storage circuit 124 may include pass
transistors TR21 and TR22 coupled in series to each other in
an active region ACT2, and a floating diffusion region FD2
located between gates of the pass transistors TR21 and TR22
in the active region ACT2. Thus, the floating diffusion
region FD2 may include an impurity region (e.g., a source
or drain) commonly coupled to the pass transistors TR21 and
TR22. In this case, the floating diffusion region FD2 may be
two or more times larger in photocharge storage capacity
than the floating diffusion region FD1 of the photocharge
storage circuit 122. Thus, the floating diffusion region FD2
may be formed to have a size (capacity) capable of storing
all photocharges generated by at least two unit pixels.

Since the pass transistor TR21 is turned on and the pass
transistor TR22 is turned off, the photocharge storage circuit
124 may store photocharges in the floating diffusion region
FD2. In this case, the photocharge storage circuit 124 may
be designed in a manner that the pass transistor TR21
remains turned on and the pass transistor TR22 remains
turned off until photocharges generated by two unit pixels
are consecutively stored in the photocharge storage circuit
124. In addition, since the pass transistor TR21 is turned off
and the pass transistor TR22 is turned on, the photocharge
storage circuit 124 may output photocharges stored in the
floating diffusion region FD2 to the common node CL2. The
pass transistor TR21 may be turned on or off in response to
the pass signal TRS21, and the pass transistor TR22 may be
turned on or off in response to the pass signal TRS22.

The photocharge storage circuit 126 may include pass
transistors TR31 and TR32 coupled in series to each other in
an active region ACT3, and a floating diffusion region FD3
located between gates of the pass transistors TR31 and TR32
in the active region ACT3. That is, the floating diffusion
region FD3 may include an impurity region (e.g., a source
or drain) commonly coupled to the pass transistors TR31 and
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TR32. In this case, the floating diffusion region FD3 may be
two or more times larger in photocharge storage capacity
than the floating diffusion region FD2 of the photocharge
storage circuit 124. Thus, the floating diffusion region FD3
may be formed to have a size (capacity) capable of storing
all photocharges generated by at least four unit pixels.

Since the pass transistor TR31 is turned on and the pass
transistor TR32 is turned off, the photocharge storage circuit
126 may store photocharges in the floating diffusion region
FD3. In this case, the photocharge storage circuit 126 may
be designed in a manner that the pass transistor TR31
remains turned on and the pass transistor TR32 remains
turned off until photocharges generated by four unit pixels
are consecutively stored in the photocharge storage circuit
126. In addition, since the pass transistor TR31 is turned off
and the pass transistor TR32 is turned on, the photocharge
storage circuit 126 may output photocharges stored in the
floating diffusion region FD3 to the common node CL2. The
pass transistor TR31 may be turned on or off in response to
the pass signal TRS31, and the pass transistor TR32 may be
turned on or off in response to the pass signal TRS32.

When any one of the photocharge storage circuits 122,
124, and 126 stores photocharges in the corresponding
floating diffusion region FD1, FD2, or FD3, the remaining
photocharge storage circuits may not operate. When the
photocharge storage circuits 122, 124, and 126 output pho-
tocharges stored in the corresponding floating diffusion
regions FD1, FD2, and FD3 to the common node CL2, at
least one of the photocharge storage circuits 122, 124, and
126 may operate in response to the pass signals TRS12,
TRS22, and TRS32. In this case, information about which
one of the photocharge storage circuits will operate may be
determined based on how many unit pixels will be used to
output the pixel signal corresponding to the sum of such
photocharges.

The pixel group PXG_G may output a single pixel signal
corresponding to photocharges generated by a single unit
pixel, a 2-SUM pixel signal corresponding to the sum of
photocharges generated by two unit pixels, a 3-SUM pixel
signal corresponding to the sum of photocharges generated
by three unit pixels, a 4-SUM pixel signal corresponding to
the sum of photocharges generated by four unit pixels, a
5-SUM pixel signal corresponding to the sum of pho-
tocharges generated by five unit pixels, a 6-SUM pixel
signal corresponding to the sum of photocharges generated
by six unit pixels, and a 7-SUM pixel signal corresponding
to the sum of photocharges generated by seven unit pixels.
Thus, the pixel group PXG_G may output a single pixel
signal or the 2-SUM to 7-SUM pixel signals through com-
bination of the photocharges received from the photocharge
storage circuits 122, 124, and 126.

For example, the single pixel signal may be generated
using photocharges received from the photocharge storage
circuit 122. The 2-SUM pixel signal may be generated using
photocharges received from the photocharge storage circuit
124. The 3-SUM pixel signal may be generated by the sum
of photocharges received from the photocharge storage
circuits 122 and 124. The 4-SUM pixel signal may be
generated using photocharges received from the pho-
tocharge storage circuit 126. The 5-SUM pixel signal may be
generated by the sum of photocharges received from the
photocharge storage circuits 122 and 126. The 6-SUM pixel
signal may be generated by the sum of photocharges
received from the photocharge storage circuits 124 and 126.
The 7-SUM pixel signal may be generated by the sum of
photocharges received from the photocharge storage circuits
122, 124, and 126.
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The source follower transistor DX, the selection transistor
SX, and the reset transistor RX shown in FIGS. 6 and 7 may
be substantially similar in structure and function to those of
the implementations as shown in FIGS. 3 and 4 and the same
descriptions will be omitted. In the implementations in
FIGS. 6 and 7, since the gate of the source follower
transistor DX is coupled to the photocharge storage circuits
122, 124, and 126, the pixel signal (i.e., the single pixel
signal, the 2-SUM pixel signal, or the 4-SUM pixel signal)
corresponding to the magnitude (amount) of photocharges
received from the photocharge storage circuits 122, 124, and
126 may be generated so that the resultant pixel signal can
be output to the selection transistor SX.

The transfer signals TS1 to TS16, the pass signals TRS11
to TRS32, the selection signal SX, and the reset signal RS
may be provided from the row driver 200.

As is apparent from the above description, the image
sensing device based on some implementations of the dis-
closed technology can acquire all pixel signals (e.g., a single
pixel signal and a SUM pixel signal) of several modes using
only one exposure.

Although a number of illustrative embodiments have been
described, modifications to the disclosed embodiments and
other embodiments can be devised based on what is
described and/or illustrated in this patent document.

What is claimed is:

1. An image sensing device, comprising:

a pixel array configured to include a plurality of pixel
groups consecutively arranged in row and column
directions,

wherein

each of the pixel groups includes a plurality of unit pixels,
each unit pixel configured to include a photoelectric
conversion element structured to generate pho-
tocharges through a conversion of incident light,

each of the pixel groups outputs a first pixel signal
corresponding to photocharges generated by a single
unit pixel and a second pixel signal corresponding to a
sum of photocharges generated by two or more unit
pixels,

wherein each of the pixel groups includes:

a plurality of first unit pixels configured to output the first
pixel signal and share a first floating diffusion region;

a plurality of second unit pixels configured to output the
second pixel signal and share a second floating diffu-
sion region;

a first pass transistor coupled to the first floating diffusion
region, and configured to transmit photocharges stored
in the first floating diffusion region to a common node
based on a first pass signal; and

a second pass transistor coupled to the second floating
diffusion region, and configured to transmit pho-
tocharges stored in the second floating diffusion region
to the common node based on a second pass signal.

2. The image sensing device according to claim 1,

wherein:

the first floating diffusion region has a storage capacity
different from a storage capacity of the second floating
diffusion region.

3. The image sensing device according to claim 1,

wherein:

the first floating diffusion region is configured to store
photocharges generated by any one unit pixel among
the first unit pixels; and

the second floating diffusion region is configured to store
photocharges generated by all of the second unit pixels.
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4. The image sensing device according to claim 1,
wherein each of the pixel groups further includes:

a plurality of third unit pixels configured to share a third

floating diffusion region; and

a third pass transistor coupled to the third floating diffu-
sion region, and configured to transmit photocharges
stored in the third floating diffusion region to the
common node based on a third pass signal.

5. The image sensing device according to claim 4,

wherein:

the third floating diffusion region has a storage capacity
greater than a storage capacity of the second floating
diffusion region.

6. The image sensing device according to claim 4,

wherein:

the third floating diffusion region is configured to simul-
taneously store photocharges generated by all of the
third unit pixels.

7. The image sensing device according to claim 1,

wherein each of the pixel groups further includes:

a source follower transistor having a gate terminal
coupled to the common node, and configured to output
the first pixel signal or the second pixel signal that
corresponds to a magnitude of photocharges transferred
to the common node.

8. The image sensing device according to claim 7,

wherein each of the pixel groups further includes:

a selection transistor having a first terminal coupled to the
source follower transistor and a second terminal
coupled to an output node.

9. The image sensing device according to claim 8,

wherein each of the pixel groups further includes:

a reset transistor having a first terminal coupled to the
common node and having a second terminal coupled to
a pixel voltage node to which a pixel voltage is applied,
the reset transistor configured to initialize the common
node to the pixel voltage.

10. The image sensing device according to claim 1,
wherein the plurality of unit pixels included in each of the
pixel groups include color filters configured to allow light
having a same color to pass therethrough.

11. The image sensing device according to claim 1,
wherein the plurality of pixel groups includes a first pixel
group configured to allow light having a first color to pass
therethrough to be detected and a second pixel group con-
figured to allow light having a second color different from
the first color to pass therethrough to be detected.
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12. The image sensing device according to claim 1,
wherein each of the first floating diffusion region and the
second floating diffusion region has a stacked structure
including a first impurity region having a first conductivity
type and a second impurity region having a second conduc-
tivity type different from the first conductivity type.

13. The image sensing device according to claim 1,
wherein each of the pixel groups further includes a plurality
of first transfer transistors coupled to photoelectric conver-
sion elements of the first unit pixels and configured to
transmit photocharges generated by the photoelectric con-
version elements of the first unit pixels to the first floating
diffusion region based on corresponding transfer signals.

14. The image sensing device according to claim 1,
wherein each of the pixel group further includes a plurality
of second transfer transistors coupled to photoelectric con-
version elements of the second unit pixels and configured to
transmit photocharges generated by the photoelectric con-
version elements of the second unit pixels to the second
floating diffusion region based on corresponding transfer
signals.

15. The image sensing device according to claim 1,
wherein the first pass transistor and the second pass tran-
sistor are turned on or off based on the first pass signal and
the second pass signal, respectively, and wherein the first
pass signal and the second pass signal are activated at
different times from each other.

16. The image sensing device according to claim 1,
further comprising:

a row driver communicatively coupled to the pixel array
and configured to generate a row selection signals to
select one or more rows in the pixel array.

17. The image sensing device according to claim 1,

further comprising:

a correlated double sampler configured to receive the first
pixel signal or the second pixel signal from the pixel
array and perform a correlated double sampling on
output voltages corresponding to the first pixel signal or
the second pixel signal.

18. The image sensing device according to claim 17,

further comprising:

a converter communicatively coupled to the correlated
double sampler and configured to receive an output
signal from the correlated double sampler and convert
the output signal to a digital signal.
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